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Gill raker morphometric differentiation between populations of the endangered 
fishes North Sea and Baltic houting 
Gesine Ramm. Volunteer in science, technics and sustainability 2011-2012 
General information 
Host institution and working group: GEOMAR Kiel, Evolutionary Ecology of Marine Fishes Group. 
Internship advisor: Dr. Jan Dierking. 
The research topic follows a collaboration between GEOMAR and the LLUR (Landesamt für 
Landwirtschaft, Umwelt und Ländliche Räume Schleswig Holstein) about the characterization of the 
ecology and genetics of the houting (Coregonus oxyrinchus L./maraena). 
 
Abstract 
Biodiversity loss is a global problem of increasingly dramatic proportions. The North Sea (NSH) and 
Baltic houting (BH) in Germany were near extinction. Due to intensive restoration efforts, they are 
now slowly coming back. With regard to conservation, it is of importance to determine whether the 
NSH and the BH houting each are evolutionary significant units (ESUs), i.e., whether they are 
populations that can be considered distinct for purposes of conservation.  
In this study, the heritable gill raker counts were analysed for many different populations of NSH and 
BH, as well as closely related lake whitefish and vendace. Genetic study results (Dierking et al in 
preparation) finds hybridization between NSH and BH in many locations. Objectives were to find out, 
whether it is possible to distinguish reliably between NSH and BH by number of gill rakers. Secondly, 
differences between the populations of NSH respectively BH were analysed and assessed for 
intermediary numbers of gill raker, which could confirm the presence of hybridization. Thirdly, it was 
analysed whether variability in gill raker numbers can be partly explained by individual 
characteristics, e.g. fish length and sex. At last, consistency for right and left gill raker counts was 
observed.  
I found significant differences in gill raker numbers between NSH and BH, but with overlap in range. 
Hybridization may be present, but the original populations Peene and Treene could still be 
distinguished. The Baltic houtings showed a pattern with two groups. One with gill raker numbers 
lower than North Sea houting and another with higher numbers than NSH and close to lake 
whitefish. The intermediate counts between BH and lake whitefish suggested that hybridizations is 
present, but in addition to hybridization with NSH, lake whitefish may also play a role. Gill raker 
numbers were not correlated with fish length and sex. Right and left counting were found to be 
equal. The combination of gill raker counts, genetics and ecological data for each fish may bring 
additional insights into these patterns in further studies. 
 
Introduction 
The threat of losing biodiversity is an ever more urgent issue and challenge. In 1992, the United 
Nations Conference on Environment and Development resulted in the United Nations Convention on 
Biological Diversity, which was signed by 154 nations and has the goal to conserve biological 
diversity (The Encyclopedia of Earth 2012). The European counterpart is the “Council Directive 
92/43/EEC on the Conservation of natural habitats and of wild fauna and flora”. In Europe, this issue 
exhibits itself in the fact that 37% of European freshwater fishes are threatened at present (Freyhof 
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Figure 1: Reexpansion of the NSH and 
BH within Germany, Denmark and 
the Netherlands.  
Arrows: Direction of reintroduction, 
from existing population to areas 
without fish. Yellow: BH. Purple: NSH. 
Red line: Border between NSH and 
BH. Numbers: years of reexpansion. 
Diagram amended after Dierking et 
al. (in preparation). 
and Brooks 2011). Recent examples for this are the IUCN redlisted North Sea houting (C. oxyrinchus) 
and Baltic houting (C. lavaretus), which both have a high priority status in the directive. 
The North Sea houting (NSH) was near extinction with only a single population remaining in the Vidå, 
Denmark, by the 1980s (Jäger 1999). Due to intensive restoration efforts, it is now slowly coming 
back. In Germany, the NSH was reintroduced to the Treene River in 1987 by releasing fry produced 
from Vidå caught spawning adults (Jäger 1999). The first recatches succeeded in 1989 and the 
houting was subsequently introduced over much of its former range (Figure 1). 
Similarly, regarding the Baltic houting (BH), within Germany, the group reexpanded from a remnant 
population in the Peene River (although more populations existed in the Eastern Baltic Sea). It has 
even gained in importance as a fishery species in the German state of Mecklenburg-Vorpommern, 
although the population appears to depend on stocking, as was shown by the strong decline in 
numbers during an interruption of the stocking program between 2002 and 2009 (Jennerich and 
Schulz 2011).  
For both NSH and BH all stocking fry originates from only one population each. 
Houtings are anadromous fishes that belong to the whitefishes, coregonids. Taxonomic controversy 
has surrounded the houtings. Reasons are their recent evolutionary history, low barriers in gene 
flow and frequent hybridizations. Many studies focused on this problem (Thienemann 1922, Freyhof 
and Schöter 2005, Jacobsen 2010). All of them used gill raker counts as a mean of taxonomy. Gill 
raker counts, including the number of gill rakers on the first right branchial arch, are a highly 
heritable trait and therefore a well-established method to distinguish between coregonid taxa. 
Today, genetic analyses can be used in addition.  
Schöter did a thorough study of the existing literature and analysed gill raker counts in a wide range 
of populations. He states, that the historical Rhein houting C. oxyrinchus is now extinct and that all 
remaining houting populations in the North Sea and Baltic belongs to the species C. maraena. 
Furthermore, he differentiates between two sympatric species in the Baltic, C. maraena and C. 
widegreni (2002). The debate is still ongoing. For example Hansen (2006)  lists persisting NSH 
populations as C. oxyrinchus.  
The focus, however, on this study is not the taxonomy, but the investigation of differences between 
NSH and BH and due to the vast controversy, I will only refer to North Sea houting (NSH) and Baltic 
houting (BH) in the following. Likewise, I will refer to lake whitefish (classified as C. lavaretus, C. 
widegreni and others) as lake whitefish (LW) and to vendace (C. albula) as vendace (V).  
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Figure 4: NSH from the Treene River (Photo: Dierking 2011). The numbers placed on the picture 
show a range of measurements and samples that were taken. 1: standard length (distance 
from the tip of the snout to the base of the caudal peduncle, 2: total length (distance from the 
tip of the snout to the end of the tail fin), 3: muscle biopsy (piece of muscle taken from the 
dorsal), 4: scales, 5: adipose fin (piece of the adipose fin was clipped).  
 
Figure 3b: Schematic 
intermediary patterns. GRC 
on the x-axis, taxa/ 
populations on the y-axis. 
patterns of gill raker counts might occur in admixed populations 
due to potential hybridization (Figure 3b). Thirdly, it was analysed 
whether variability in gill raker numbers can be partly explained 
by individual characteristics, e.g. fish length and sex. The 
consistency for right and left gill raker counts was observed. In 
addition, I collected published data on gill raker counts for NSH 
and BH to compare my data with the literature. 
 
 
 
Materials and methods  
Analytical methods 
For this study, BH was collected from Peene, Trave, Kiel Canal, Lachsbach and Schlei; NSH from Elbe 
and Treene (Figure 5), and lake whitefish for comparison from Bordesholmer See, Pönitzer See, 
Drewitzer See and vendace from Selenter See (Table 1). Each individual was dissected. Sex, weight, 
standard length and total length were noted. A photo was taken for morphological comparisons; 
muscle biopsy samples were taken on the left side of each fish for stable isotope analysis to assess 
feeding ecology and migration. In addition, scales from the place of the biopsy were taken for age 
analysis, and a piece of the adipose fin was taken for genetic analysis (Figure 4).  
 
 
 
 
Stomach, heart, liver and gonads were taken out of the fish. The whole weight, gutted weight, liver 
weight and gonad weight were taken for the later calculation of condition factors. Next, the otoliths 
were taken for migration and age analysis. Finally, gills were taken for this study.  
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Figure 6: Gill raker count measurement 
(Kahilainen and Østbye 2005). GRC: gill 
raker count (number of gill rakers). GRL: gill 
raker length (length of the central raker). 
GAL: gill arch length (length of the long and 
the short arch).  
Population Site Number  
North Sea 
houting 
Elbe River 13 
 Treene River 83 
Baltic houting Peene River 38 
 Trave River 38 
 Kiel Canal 13 
 Lachsbach 4 
 Schlei 17 
Lake whitefish Bordesholmer 
See 
5 
 Pönitzer See 29 
 Drewitzer See 3 
Vendace Selenter See 29 
 
 
Figure 5: Explanation of a boxplot  
Table 1: Samples of the taxa NSH, BH, lake 
whitefish and vendace available for counts of 
gill rakers.  
 
Figure 5: Map of populations. North Sea 
houting populations: T=Treene, E=Elbe. 
Baltic houting populations: S=Schlei, 
ON=Kiel Canal, L=Lachsbach, OS=Trave, 
RS=Peene. 
 
Gill raker morphometrics 
The methodology for gill raker counts followed 
Kahilainen and Østbye (2005). The first right 
branchial gill arch was used. The gill raker count 
(GRC) as the number of all gill rakers was counted. 
In addition, the length of the central gill raker was 
measured (GRL) and the gill arch length (GAL) was 
taken as the sum of the short and the long gill arch 
part, all with a caliper (Figure 6).  
For juveniles, gill raker counts were counted under 
a dissecting scope (brand: Leica, type: MZ 9.5). The 
first right gill arch was photographed (camera: 
QIMAGING MicroPublisher 3.3 RTV, program: 
Image-Pro Plus 5.0). The lengths were measured on 
photos after calibration with millimetre paper.  
For both adult and juvenile individuals, the left arch 
was used if the right arch was broken. In addition, 
both the right and left arch were counted and measured for some fishes for comparison. 
 
Data analysis 
To answer the research question regarding the presence of differences between North Sea and 
Baltic houting populations, and to assess differences in numbers of gill rakers for fish of different 
length or sex, an analysis of covariance (ANCOVA) was done with taxon and sex as fixed variables 
and fish length as covariate. The groups of NSH and BH consisted of all examined North Sea houtings 
respectively Baltic houtings. The group of LW consisted of all examined lake whitefish. Regarding the 
question of evidence for potential hybridizations, pairwise comparisons of population means were 
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 North 
Sea 
houting 
Baltic 
houting 
Lake 
whitefish 
North Sea 
houting 
   
Baltic 
houting 
0.016   
Lake 
whitefish 
<0.001 <0.001  
Vendace <0.001 <0.001 0.008 
Table 2: The p-values of pairwise comparisons 
within an ANOCVA of the taxa BH, NSH, lake 
whitefish and vendace. 
 
Figure 7: Explanation of a boxplot. 
done within an ANCOVA. Hybridization would be 
recognizable as intermediary number of gill rakers. 
Consistency for counts obtained from left and right gill 
rakers were tested with a scatterplot and correlation 
analysis. For both taxon and population level, boxplots 
were used to show tendencies graphically. Figure 7 
explains a boxplot.  
To put my results into context, I did a literature review of 
published gill raker counts of coregonids in the same 
geographic area as my study objects.  
Depending on availability, I noted taxon, population, year 
of catch, number of examined fishes, mean of gill raker 
numbers, standard deviation, median of gill raker 
numbers, the range from minimum to maximum number 
of gill rakers and the source of the data.  
 
 
Results 
When analyzed on the taxon level, gill raker numbers differed significantly between groups 
(ANCOVA, p< 0.001), but with overlap in range (Figure 8). In particular, BH showed significantly 
lower gill raker numbers than NSH which was followed by lake whitefish and vendace. Pairwise 
comparisons showed that each combination was significantly different (Table 2). Number of gill 
raker were not significantly correlated with fish length (ANCOVA, p=0.350). 
These patterns are reflected by Figure Appendix-1. Likewise, sex was found not to be correlated with 
the gill raker numbers (ANCOVA, p=0.976). 
 
When considered on the population level, the 
picture was more complicated (Figure 9). To the 
left, the NSH population Elbe starts, followed by 
Treene with lower gill raker numbers.  
The figure shows that the BH populations had 
increasing gill raker numbers in the order Peene, 
Trave, Schlei, Lachsbach, and Kiel Canal (NOK). 
BH compared to NSH differed most between 
Peene and Treene (similar to Vidå). The BH 
populations showed a pattern with two groups. 
Group 1 consisted of Peene, Trave and Schlei 
and had lower gill raker numbers than NSH and 
group 2 consisted of Lachsbach and Kiel Canal 
and had higher gill raker numbers than NSH.  
The lake whitefish had higher gill raker numbers than both NSH and some of the BH populations. 
Lake whitefish from Drewitzer See stood out by having the lowest gill raker numbers of all 
populations, including much lower numbers than the other lake whitefish populations. The highest 
gill raker numbers were found in vendace from Selenter See.  
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Figure 9: Boxplot of gill raker numbers versus population. Every population is shown with a box 
and supplement. More details in the text. Further explanation of a boxplot in Figure 7. 
 
Figure 8: Boxplot of gill raker numbers versus taxa. BH shows lower gill raker numbers 
than NSH which is followed by lake whitefish and vendace. The groups were formed 
by lumping all populations for each taxon. Every taxon is shown with a box and 
supplement. More details in the text. Further explanation of a boxplot in Figure 7.  
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Figure 10: Scatterplot of left gill raker numbers versus right gill raker 
numbers for 31 fishes. It shows a straight line which points to a 
linear correlation.  
Pairwise comparisons of the populations were done with an ANCOVA (Table 3).  
Within the group of BH, following groups were significantly different from each other: 
Lachsbach/Peene, Lachsbach/Trave and NOK/Peene, NOK/Trave, NOK/Schlei. Within the group of 
lake whitefish, Drewitzer See was significantly different from both Bordesholmer See and Pönitzer 
See. 
There were some significant differences between NSH and BH, but not between NOK/Elbe, 
Lachsbach/Elbe, Lachsbach/Treene, Schlei/Elbe, Schlei/Treene. Likewise, there were no significant 
differences between following BH und LW populations: Bordesholmer See/NOK, Bordesholmer 
See/Lachsbach and Drewitzer See/Trave, Drewitzer See/Peene. The NSH population Elbe did not 
differ significantly from LW Bordesholmer See, and LW Pönitzer See did not differ significantly from 
vendace Selenter See.  
 
To assess for measurement errors, I compared gill raker counts for both the right and the left side 
for 31 fishes (Figure 10). The two were highly correlated (Pearson correlation, R²=0.97, p=0.000). 
97% of the variability was explained by the model and only 3 % might be explained by error in 
measurement or variability.  
The collected data were compared to published gill raker counts from NSH, BH, lake whitefish and 
vendace of interest (Table 4). Results were similar to the literature data for many populations. 
However, they also differed in some important patterns. This includes the strong differences 
between populations of BH observed here. Nobody ever observed such high gill raker numbers in BH 
as observed for Kiel Canal and Lachsbach. For Lachsbach, there was no overlap in range with the 
originally BH population Peene.  
In general, it also looked as if ranges observed for most populations were higher than those in the 
literature. For example the range for NSH from this study was 24-41 while it is 28-35 in Freyhof 
(2005).  
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Figure 11a: Schematic NSH, 
BH distinguishable. GRC on 
the x-axis, taxa/ populations 
on the y-axis.  
 
Figure 11b: Schematic 
intermediary patterns. GRC 
on the x-axis, taxa/ 
populations on the y-axis. 
 
Figure 11c: Schematic study 
results. GRC on the x-axis, 
taxa/ populations on the y-
axis. 
Discussion 
Objectives included finding out whether it is possible to distinguish reliably between NSH and BH by 
number of gill rakers. Secondly, differences between populations were assessed. Thirdly, it was 
analysed whether variability in numbers of gill rakers can be partly explained by individual 
characteristics, e.g. fish length and sex. The consistency for right and left gill raker counts was 
observed. In addition, published data on gill raker counts for NSH and BH were collected to compare 
data of this study with literature. 
Concerning the first objective, I found significant differences 
between gill rakers numbers in NSH and BH as well as lake 
whitefish and vendace, but with overlap in range. BH was 
expected to have lower gill raker numbers than NSH. For some 
populations this fitted, but others had higher gill raker numbers 
than NSH (Table 4). Over all, it was not possible to reliably 
distinguish between NSH and BH only by the number of gill 
rakers.  
When lumping all populations by taxon, results of this study 
appear to be similar to literature values. The means for NSH are 
around 31-33 (Table 4), compared here 32.1 and the means for 
BH are around 28-30 (Table 4), compared here 30.4 including 
populations with higher gill raker numbers than NSH and 29.3 
without those. Nevertheless, it was still possible to distinguish 
clearly between the original populations Treene for NSH and 
Peene for BH. However, ranges in this study were mostly higher 
than those in the literature.  
It would endanger the ESU status of NSH and BH if they cannot be 
distinguished due to hybridization and it would hamper the 
effectiveness of conservation programmes.  
Hansen (2008) states that Danish lake whitefish populations and 
NSH has a recent common postglacial ancestry while the BH have 
another, based on genetic analyses with samples from Peene 
representing BH. BH and NSH have been separated for several 
thousand years in which local adaptation may probably have 
occurred. Meanwhile, hybridization between NSH and BH was 
found.  
Dierking (et al in prep.) has investigated admixture between 
different houting populations. The result was that hybridization 
between NSH and BH occurred. The admixture was strong in 
areas with little distance between NSH and BH and in Elbe and 
Rhein. Lake whitefish was not included in that study. The 
hybridization might explain the overlap of ranges in the results of 
this study. It might also explain the high variability in populations. 
It was found that neither sex nor fish length had a significant 
influence on the variability. Errors with regard to left or right 
counting could be excluded after checking this for consistency.  
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When taking a closer look on the population levels, the picture became much more complicated. 
Assessing populations for differences and patterns revealed interesting details. The expectations had 
accounted for two possible outcomes. One with clearly separated gill raker counts of NSH and BH 
(Figure 11a) and another with intermediary gill raker counts (Figure 11b).  
BH fell into two groups. One with gill raker numbers lower than NSH and another with higher 
numbers than NSH close to lake whitefish (Figure 11c). 
One reason for the unexpected high gill raker numbers in the second group might be hybridization 
with lake whitefish with relatively high gill raker numbers (Table 4). Another intriguing outcome was 
the significant difference between Lachsbach and Trave despite they were geographically close to 
each other (Figure 5). 
In other studies, the influence of environmental factors, e.g. diet and food availability or 
temperature, has been found to influence gill raker counts (Lindsey 1981, Todd 1998). However, the 
differences in gill raker counts found in this study were so large that hybridization and admixture is 
more probably. A second important point is the time frame. Almost all populations were introduced, 
alternatively reintroduced or stocked. Environmental selection could probably not have led to such 
big changes over a short time with few generations.  
The lake whitefish population in Drewitzer See is said to be autochthon and comparable with the 
historic Schaalsee and Selenter See population (N. Schulz, personal communitcation). The much 
lower mean gill raker numbers compared to other lake whitefish (n=25 vs. n=40.6 LW, see Table 4) 
and the similarity with counts for the historic autochthonous Schaalsee population (n=25) 
(Thienemann 1922) that is now thought to be extinct (Schöter 2002), support this idea. However, the 
results should be confirmed, considering the low available sample size in this study.  
Concluding, the results of this study showed that it is not possible to distinguish reliably between 
NSH and BH by gill raker numbers, but, nevertheless, NSH and BH might be handled as ESUs. They 
are following their own distinct evolutionary history (Hansen 2008) and they are genetic distinct.  
Hybridization between BH and NSH occurs, but also with lake whitefish which raises important new 
questions.  
 
Outlook 
Upon this, further research would be to connect gill raker counts to genotype both on the 
population and especially on the individual level, to see whether gill raker counts and intermediary 
patterns show the same as the genetics. Moreover, lake whitefish genetics should be included to 
explain the high numbers of gill rakers for certain BH populations.  
In coregonids, gill raker counts and feeding ecology are strongly related (Lindsey 1981, Thienemann 
1922). It will therefore be interesting to correlate gill raker counts and trophic level, e.g., by applying 
stable isotope analysis on fish analyzed on gill raker numbers for this study.  
The shape of the fish and especially the head is another characteristic mark for the houting (Freyhof 
und Kottelat 2005). The shape of the samples should be analysed to see if there are similar patterns 
within the populations and differences between them. Sex, age and size have to be considered in 
conclusion of these results. Furthermore, it is often stated, that NSH has longer snouts than BH 
(Thienemann 1922). The results of the gill raker count analysis should be correlated with the head 
shape results to find out whether there is a correlation of gill raker counts and snout length and 
whether both lead to the same conclusions.  
Gesine Ramm 
North Sea and Baltic houting 
16 
 
16 
 
References 
Dierking, J. 2009-2010. Charakterisierung der Ökologie und Genetik des Schnäpels (Coregonus 
oxyrinchus L./maraena) im Eider-Treenesystem, Schleswig-Holstein. Landesamt für Landwirtschaft, 
Umwelt und ländliche Räume des Landes Schleswig-Holstein and IFM-GEOMAR.  
 
Dierking, J., Praebel, K., Borcherding, J., Brunke, M., Eizaguirre, C. (in preparation). The return of the 
houtings: introgressive hybridization in reintroduced German whitefish populations. 
 
Encyclopedia of Earth, The. 2012: United Nations Conference on Environment and Development 
(UNCED), Rio de Janeiro, Brazil. 
http://www.eoearth.org/article/United_Nations_Conference_on_Environment_and_Development_
%28UNCED%29,_Rio_de_Janeiro,_Brazil (17.01.12).  
 
Freyhof, J., Brooks E. 2011. European Red List of Freshwater Fishes. Publications Office of the 
European Union. ISBN 978-92-79-20200-1. 
 
Freyhof, J., Schöter, C. 2005. The houting Coregonus oxyrinchus (L.) (Salmoniformes: Coregonidae), a 
globally extinct species from the North Sea basin. Journal of Fish Biology, 67: 713-729 
 
Hansen, M. M., Nielsen, E.E., Mensberg, K.-L. D. 2006. Underwater but not out of sight: genetic 
monitoring of effective population size in the endagered North Sea houting (Coregonus 
oxyrhynchus). Published on the NRC Research Press Web site at http://cjfas.nrc.ca on 25 February 
2006. J18695. Danish Institute for Fisheries Research, Department of Inland Fisheries, Vejlsøvej 39, 
DK-8600 Silkeborg, Denmark. 
 
Holsinger, Kent. 2011. Definition of Evolutionary Significant Unit: 
http://darwin.eeb.uconn.edu/eeb310/lecture-notes/systematics/node3.html (06.03.12). Kent. Kent 
Holsinger’s Home Page.Ecology and Evolutionary Biology University of Connecticut 
 
Jäger, T. 1999. Die Wiedereinbürgerung des Nordseeschnäpels. Fisch des Jahres 1999: Der 
Nordseeschnäpel. Verband Deutscher Sportfischer, 3-11. Aktualisiert 2003. 
 
Jennerich, H.-J., Schulz, N. 2011. Zur Situation des Ostseeschnäpels (Coregonus lavaretus balticus, 
Thienemann, 1922) in Mecklenburg-Vorpommern. Mitteilungen der Landesforschungsanstalt für 
Landwirtschaft und Fischerei, Heft 45: 12-20. Landesforschungsanstalt für Landwirtschaft und 
Fischerei, Mecklenburg-Vorpommern.  
 
Kahilainen, K. et al 2011. Species introduction promotes hybridization and introgression in 
Coregonus: is there sign of selection against hybrids? Molecular Ecology (2011) 20, 3838–3855.  
 
Kahilainen, K., Østebye, K. 2005. Morphological differentiation and resource polymorphism in three 
sympatric whitefish Coregonus lavaretus (L.) forms in a subarctic lake. Journal of Fish Biology, 68: 
63–79 
 
 
Gesine Ramm 
North Sea and Baltic houting 
17 
 
17 
 
Kottelat, M. 1997. European Freshwater Fishes. A heuristic checklist of the freshwater fishes 
of Europe (exclusive of former USSR), with an introduction for non-systematist and 
comments on nomenclature and conservation. Biologia 52(Suppl. 5): 1–271. 
Mac Phee, R.D.E. 1999. Extinctions in near time: causes, contexts and consequences. Springer US.  
 
Lindsey, C.C. 1981. Stocks are Chameleons: Plasticity in Gill Rakers of Coregonid Fishes. Can. J. Fish. 
Aquat. Sci. 38: 1497-1506.  
 
Pimm, S.L., Brooks, T.M. 2000. The sixth extinction: How large, when and where? Department of 
Ecology and Evolutionary Biology, University of Tennessee, Knoxville, TN 37996-1610. Published in: 
Nature and human society: the quest for a sustainable world. Peter H. Raven, National Research 
Council (U.S). Board on Biology, Tania Williams. 
 
Thienemann, A. 1922. Weiter Untersuchungen an Coregonen. Aus der Hydrobiologischen Anstalt der 
Kaiser Wilhelm-Gesellschaft in Plön.  
 
Todd, T.N. 1998. Environmental modification of gill raker number in coregonic fishes. Archives of 
Hydrobiology Special Issues: Advances in Limnology, 50, 305-315. 
 
Schöter, C. 2002. Revision der Schnäpel und Großen Maränen des Nordsee- und südwestlichen 
Ostseeraumes (Teleostei: Coregonidae). Rheinische Friedrich-Wilhelms-Universität, Bonn.  
 
Wulff Jacobsen, M. 2010. In the search for the North Sea houting (Coregonus oxyrhinchus) – A study 
of mitogenomics and morphology in the European lake whitefish (Coregonus lavaretus) and the 
North Sea houting (Coregonus oxyrhinchus). MSc Thesis, University of Copenhagen.  
 
  
Gesine Ramm 
North Sea and Baltic houting 
18 
 
18 
 
Appendix 
Figure A-1: Scatterplot of gill raker numbers (n) versus fish length (fish TL). This figure shows the 
individual fish length plotted against the individual gill raker number. The colored symbols show the 
different individuals sorted in populations. The lines in the plot show patterns for each population. 
The populations do not all show the same pattern. Thus, fish length is not correlated with number of 
gill rakers.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
